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A reliable capillary zone electrophoresis-electrospray ionization-tandem mass spectrometry
system has been developed for the sensitive analysis and sequencing of peptides. The system
comprises (1) a zero dead volume on-line sample preconcentration interface allowing over
100-fold increase in sample volume introduction and (2) a zero-dead volume, durable
electrospray emitter yielding stable, low background electrospray signals, both proving not to
compromize the electrophoretic performance. Sub-fmol sensitivities were obtained in appli-
cations to complex peptide samples derived from tryptic digestion of proteins and naturally
processed major histocompatibility complex class I associated peptides. (J Am Soc Mass
Spectrom 1999, 10, 1271–1278) © 1999 American Society for Mass Spectrometry
Capillary zone electrophoresis (CZE) is emergingas an attractive alternative to liquid chromatog-raphy (LC) for the analysis of biological derived
samples with mass spectrometric detection [1]. CZE
offers better resolution, relatively short analysis times,
and complementary separation mechanism to LC.
However, unlike for micro- and nanoscale LC, coupling
of CZE to electrospray ionization mass spectrometry
(ESI/MS) has been a serious obstacle for many years.
Much of this was due to impairment of the CZE
performance by the mass spectrometry interface, like
zone broadening and/or dilution of the capillary efflu-
ent [2].
In the recent past, CZE has been coupled to contin-
uous flow fast-atom bombardment (CF-FAB) [3, 4] and
ion spray (ISP) mass spectrometry [5] utilizing liquid
junction and coaxial type interfaces, respectively. The
purpose of these interfaces was to create a means to
apply to CZE terminating potential and to add the FAB
matrix liquid or additional solvent for the high flow ISP
source. Recent refinements in CZE-MS interfacing
started with the development and use of low-flow or
nanoscale ESI sources [6]. Unlike standard ESI sources,
this source does not require a make-up or sheath liquid
for a stable operation. Olivares et al. [7] have designed
for the first time so-called sheathless CZE emitter uti-
lizing a blunt-end metal coated capillary. Later
Chowdhury and Chait [8] refined this technology by
constructing a sharply tapered tip at the CZE capillary
terminus allowing electrospray aqueous solutions at
lower potentials, thus avoiding the onset of corona
discharges.
Alternative designs include the “sheathless pinhole”
approaches by Wahl et al. [9] and Cao et al. [10],
utilizing a microhole near the capillary outlet, where the
CZE terminating voltage was applied through a con-
ductive gold epoxy composite or a tiny platinum wire,
respectively. Others have made use of a short piece of
polysulphone microdialysis tubing [11] or a porous
glass joint [12]. All the above mentioned designs were
aimed at both minimizing extra-column dead volumes
and eliminating solvent supplements to the CZE outlet
to preserve separation efficiency and analyte band
concentrations of CZE separated analytes, respectively.
Another limitation of CZE/MS in its application to
dilute biological samples is the limited concentration
sensitivity of the technique. Different than LC, the
volumetric loading capacity of the CZE column is
limited to about 5% of the total capillary volume, i.e., nL
ranges for common CZE column dimensions (L # 1
m 3 50–75 mm i.d.). Stacking techniques may enlarge
the injection volume up to 50%–90% of the column
volume (typically 2 mL for 1 m 3 50 mm i.d. column),
but even this amount may represent only a small
proportion of the total sample volume. For this pur-
pose, Tomlinson [13] and others [14–16] have devel-
oped an on-line preconcentration technique, mainly
utilized for peptides and proteins. Preconcentration
was achieved by means of a sorption medium [hydro-
phobic polymeric membrane or reversed phase (RP) LC
particles] placed in front of the CZE column where
analytes with appropriate affinity to the sorption me-
dium were retained from relatively large aqueous sam-
ple volumes. It was claimed that the PC interface would
not affect CZE performance when CZE was preceded
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by transient-isotachophoresis (tITP) stacking of the
eluted analytes from the PC into the CZE column.
In a recent work of this laboratory, we have shown
that unaffected CZE performance could be achieved if
the dimensions of the PC and associated desorption/
elution volumes are in the order of a few percent of the
column volume [17].
In this context, the aim of this study was the devel-
opment of a rugged and reliable PC-CZE-ESI-MS ar-
rangement for the sensitive analysis of peptide samples.
The system was applied to real biological derived
samples like proteolytic digests and major histocompat-
ibility complex (MHC) class I bound peptides. The
obtained larger than 10-fold sensitivity increase and
orthogonal separation characteristics compared to
sheathless mLC/MS provide both practical and meth-
odological benefits, particularly in the identification of
peptides in inherent complex MHC bound peptide
samples.
Experimental
Reagents and Standards
All chemicals and solvents were of analytical reagent
grade or better. Methanol (HPLC grade), acetic acid,
and ammonium acetate were purchased from Merck
(Darmstadt, Germany); ammonium hydroxide was
from Janssen Chimica (Beerse, Belgium); and 2-propa-
nol was obtained from J.T. Baker (Deventer, The Neth-
erlands). Hydrofluoric acid 40% was from Fluka Che-
mie (Sigma-Aldrich Chemie BV, Zwijndrecht, The
Netherlands) and gold III chloride (AuCl3) from Acros
Organics (Geel, Belgium). Distilled and deionized water
(Milli-Q water systems, Millipore, Bedford, MA) was
used in the preparation of the samples and buffer
solutions. Before use, buffers were filtered through a
0.45 mm Millex-HA filter unit (Millipore, Bedford, MA).
Angiotensin III was purchased from Sigma (St. Louis,
MO). Peptide standard stock solutions (;1 pmol/mL)
were prepared in 5% formic acid (v/v) and were stored
frozen at 220 °C. All capillaries were untreated fused-
silica tubings (50 mm i.d. 3 365 mm o.d.) and were
purchased from J&W Scientific (Folsom, CA). The re-
versed phase (RP) HPLC material used in the precon-
centration column (PC) was Purospher RP-C18 (5-mm,
Merck, Darmstadt, Germany). PCs were 25 cm fused
silica capillaries (50 mm i.d. 3 365 mm o.d.) containing a
sintered frit at the outlet end. Polymeric styrene–divi-
nyl benzene copolymer (SDB) membranes were ob-
tained from Empore Membrane (3M, St. Paul, MN).
Protein Digestion
Bovine serum albumin (16.5 mg; Sigma, St. Louis, MO)
was dissolved in 10 mM CaCl2 (1.25 mL)/100 mM
NH4HCO3 (1.25 mL) buffer and incubated with 0.1 mg
modified trypsine sequence grade (Promega, Madison)
at 37 °C for 16 h. Before analysis, the digestion mixture
was diluted in water.
Buffer
The running buffer was a mixture of 2 mM ammonium
acetate the pH adjusted to 2.9 with 0.15 M acetic acid.
Capillary Electrophoresis with UV Detection
CZE/UV experiments were performed on a Lauerlabs
CZE (Lauerlabs, Emmen, The Netherlands) apparatus
equipped with four-tray programmable injector Model
Prince and a 190–700 nm variable-wavelength UV de-
tector (Applied Biosystems 759A Absorbance Detector).
Data acquisition and processing was performed by a
Gynkosoft Chromatographie data system (Gynkotek,
Germering, Germany).
The capillary was a 50 mm i.d. 3 365 mm o.d. un-
modified fused silica tubing of 80 cm length with the
detection window placed at 20 cm from the outlet end.
Before use, columns were conditioned by successive
rinsing with 1 M NaOH (10 min), water (10 min), and
running buffer at a pressure of 1 3 105 Pa. The CZE
potential was 30 kV, resulting in a current of ;7 mA.
Samples were injected and run using the following
sequence of events, all performed with pressure: (1)
injection of sample at a flow rate of 1 mL/min at p 5
2 3 105 Pa; (2) rinsing of the column with the back-
ground buffer at p 5 2 3 105 Pa for 180 s; (3) introduc-
tion of 20 nL elution mixture, acetonitrile/water/acetic
acid (50/49.9/0.1) at p 5 2.5 3 104 Pa for 10 s; (4)
pushing up of elution mixture with background buffer
so that it passed precisely the preconcentration area
($26 cm) displacement in sampling capillary corre-
sponding to $510 nL (50 mm i.d.) or $1115 nL (75 mm
i.d.) at p 5 105 Pa for ;65 and 135 s, respectively;
followed by (5) switching on the CZE voltage (30 kV).
Capillary Electrophoresis/Electrospray-Mass
Spectrometry
CZE-ESI/MS experiments were performed on a quad-
rupole ion trap instrument (LCQ, Finnigan, San Jose,
CA) equipped with a nano-ESI source [6]. The inlet end
of the tapered CZE capillary is inserted into the orifice
of the nanoESI capillary holder assembly, pushed
through a rubber septum and fixed with a screw, the
tapered tip (emitter) extending ;1–2 cm out (see Figure
1). Carbon cement LeitC (Neubauer Chemicalen, Mu¨n-
ster, Germany) was applied to the space between the
capillary holder orifice and the capillary to ensure
electrical contact between the ESI power supply and the
emitter. The emitter is positioned precisely in line with
the orifice of ESI source sampling capillary at a distance
of ;5 mm.
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Manufacturing of CZE Capillary Emitters
ESI emitters were manufactured at the CZE capillary
terminus according to Bateman et al. [18]. Briefly, fused
silica (fs) capillaries (50 mm i.d. 3 350 mm o.d. 3 85 cm
length) were tapered at one end by heating the capillary
2–3 cm from that end in a flame with an appropriate
temperature of a microwelding torch meanwhile gently
pulling manually until the capillary enlarged and sep-
arates. In order to obtain a well defined tip orifice, the
tiny long capillary tail obtained by this way of pulling
was inserted into a 50 or 75 mm i.d. fs capillary and bent
until it snapped. Assuming that the outer and inner
diameter reduce proportional in diameter during pull-
ing, cutting the tip at an o.d. of 50 or 75 mm will yield a
orifice size of 7 and 16 mm i.d., respectively. Next, to
further reduce the outer diameter of the tip and to
smooth sharp edges, tips were etched in 40% hydroflu-
oric acid for 15 min. During etching, distilled water was
pumped through the capillary using a syringe pump at
a flow rate of 1 mL/min to prevent the acid entering into
the capillary where it will affect the interior surface.
After etching, the capillary was rinsed with water and
purged with helium. Next, tips were gold coated by two
subsequent procedures.
Sputter coating. Following pulling and etching, the
tapered columns were wrapped in aluminium foil with
the tip extending roughly 5 cm and placed in the
sputtering chamber (SC7610 Sputter Coater, VG Micro-
tech, Manchester, UK), at an angle of ;45° off the
vertical defined by the sputter target and the counter-
electrode. The chamber was sealed, pumped down to 30
Pa, and purged with argon. Gold vapor depositing was
performed at 1.8 kV and a current of 18 mA for 75 s,
resulting in a layer of ;250 Å.
Electroplating. The thickness of the gold layer obtained
by sputter coating was enlarged by depositing gold by
means of electroplating. Electroplating was performed
by dipping the tip to about 1 cm in a gold III chloride
solution in nitric acid (500 mg/L in 10% nitric acid). The
electrolysis potential of 1.5 V was supplied by an
ordinary battery, the cathode connected to the tip and
the anode to a platinum wire counterelectrode for 5
min. To prevent blocking during electroplating, the
capillary was continuously rinsed with deionized water
using a syringe pump at flow rate of 1 mL/min.
Preconcentration Column
Preconcentration capillaries (see Figure 2) were manu-
factured by packing a bed of 1 mm length of 5 mm
RP-C18 particles into a 50 mm 3 365 mm 3 25 cm
(i.d. 3 o.d. 3 length) fused silica tubing containing a
retaining frit at the outlet side. Frits were prepared after
[19]. Briefly, a small amount of Lichrosorb silica parti-
cles (20 mm) was tapped into the column which were
then heated three short periods of time (3 3 ;0.5–1 s)
in a hot flame from a microwelding torch. Next, RP-C18
particles suspended in 2-propanol were propelled into
the capillary from a slurry placed in a pressurized (5 3
105 Pa) vessel. After the desired packing length (1 mm)
was obtained, a retaining piece of SDB membrane
(thickness ;0.5 mm) was inserted into the capillary and
pushed up to the bed with water at a pressure of 106 Pa.
Before use, precolumns were successively rinsed with
methanol (5 min), water (2 min), and running buffer (10
min). The PC was connected to the CZE column using a
1 cm 3 300 mm i.d. Teflon sleeve, with the bed facing
the CZE column. As the connection with the CZE
column is made in the CZE oven (thermostated area),
the length of the PC (25 cm) is determined by the
construction and dimensions of the sampler used.
Results
Preconcentration CZE
In recent years, different approaches have been re-
ported to overcome the limited concentration sensitiv-
ity of capillary electrophoresis [22]. Tomlinson and
co-workers [12, 20] have been successful in the devel-
opment of the so-called membrane preconcentration
technique (mPC). They utilized a C18 impregnated
membrane that was placed between a (dummy) sample
inlet capillary and the CZE capillary, mounted together
in a 360 i.d. Teflon sleeve. Because the trapped sample
compounds—predominantly peptides and proteins—
are eluted with organic solvent into the CZE column,
the dead volume of the preconcentration interface is the
critical parameter in this design. The volume of the
mPC interface is determined by the outer diameter of
the column (360 mm) and the distance between the two
blunt end columns (2 mm), resulting in a volume of
Figure 1. Schematic representation of the CZE emitter ESI as-
sembly.
Figure 2. Schematic representation of the preconcentration-CZE
interface.
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approximately 200 nL. Assuming a required volume of
twice the dead space to wash out a dead space, the
minimum volume of organic solvent to quantitatively
desorb and transfer the retained analytes into the CZE
column amounts to ;400 nL. This volume corresponds
to an organic solvent plug of approximately 20 cm in
length in a 50 mm i.d. CZE capillary. Isotachophoretic
stacking was required to narrow the injection band-
width resulting in satisfactorily peaks [11, 12]. Recently,
we have reported on a refinement of this technology
[17]. Briefly, the arrangement of the preconcentration
interface comprises a bed of 1 mm or 2 nL in a 50 mm i.d.
column of C18 HPLC particles packed inside an other-
wise dummy sampling capillary. The particles are re-
tained by a sintered frit with a dead volume of ,1 nL,
resulting in a total dead volume of ,3 nL (see Figure 2).
The required volume of organic solvent volume (50%
acetonitrile in water) for the quantitative recovery of
sorbed analytes was established between 10 and 20 nL.
This volume corresponds to an injection plug in the
CZE capillary of between 0.5 and 1 cm in length,
allowing direct CZE, without a need for tITP. Figure 3
shows the comparison of direct CZE and PC-CZE on the
model peptide oxytocine. The experimental conditions
in these experiments were kept the same as much as
possible regarding sample amount, sample solvent
composition, and field strength. The CZE voltage was
increased from 22.8 kV in the direct CZE analysis to 30
kV in the PC-CZE analysis, because in the latter analysis
the total capillary length was increased by 25 cm
because of the connection with the PC capillary. An-
other parameter which may affect the separation effi-
ciency is the solvent in which the analytes are intro-
duced into the CZE column. Because analytes in PC-
CZE are introduced into the CE column in 20 nL
acetonitrile/0.1 M acetic acid (4/6, v/v), in direct CZE
the sample has been introduced in the same medium
and volume (20 nL, 40% ACN/0.1 M acetic acid). The
observed influence of the percentage acetonitrile in the
sample solvent is shown in Figure 4. The maximum
number of theoretical plates (N) was obtained at 40%
acetonitrile. Both neat water and neat acetonitrile gave
a significant lower separation efficiency. From Figure 3
it follows that the separation efficiency obtained by
direct CZE (N 5 249,300) and by PC-CZE (N 5
210,700, 85%) were in good agreement. It should be
noted that relatively high plate numbers were attain-
able only if the column has been conditioned (i.e.,
successive flushing with 0.1 M sodium hydroxide, wa-
ter, and background buffer) between each run. The
observed small loss of separation efficiency in PC-CZE
(215%) has been ascribed to the somewhat diminished
electro-osmotic flow (EOF) (213%) in the PC-CZE sys-
tem. The reason for a lower EOF in conjunction with the
PC remains unclear. Strausbach et al. [21] have ascribed
this phenomenon to a reversal of the EOF at the C18
particles (locally, here over a length of ,2 mm). Mea-
surement and comparison of above column separation
efficiencies were performed using CZE-UV data due to
a too low number (i.e., less than 12 points per peak
required for accurate peak profiling) of measurement
Figure 3. Comparison of the analysis of a model peptide (oxy-
tocin) by direct CZE and PC-CZE with UV detection (215 nm).
Conditions: (A) direct CZE: injection 20 nL of standard peptide
dissolved in water acetonitrile 60:40, v/v; capillary length (cath-
ode–anode) 80 cm. CZE potential, 22.8 kV (285 V/cm).; (B)
PC-CZE: injection 200 nL of a 10 times diluted standard solution;
elution with 20 nL water/acetonitrile 40/60, v/v; total capillary
length 105 cm, CZE potential 30 kV (286 V/cm). Number of
theoretical plates are calculated from the formula N 5 5.54 3
(Rt/w1/2)
2, with Rt 5 migration time and w1/2 5 peakwidth at
half height.
Figure 4. Number of theoretical plates obtained by direct CZE
(conditions see Figure 3A) as function of the percentage of
acetonitrile in the aqueous sample. The model peptide used was
oxytocin.
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points obtained across the peaks with scanning
CZE-MS.
CZE-ESI Interface
The emitter at the capillary terminus is one of the most
critical parts in interfacing CZE to mass spectrometry. It
should maintain the electrical contact across the CZE
buffer and produce a fine aerosol mist from aqueous
CZE buffers at a moderate electrospray voltage, well
below the corona onset voltage. In addition, it should be
rugged and durable and not introduce any dead vol-
ume, because this will dramatically deteriorate the CZE
separation efficiency. Lack of durability is frequently
cited in the literature as a major drawback in many
designs [22]. In recent years, several metalization tech-
niques have been proposed for both tapered and blunt-
end CZE capillaries using silver or gold with or without
a priming layer [23]. Silver coatings appear to suffer
from poor chemical stability due to electrochemical
oxidation of the silver [24]. In addition, silver/water
clusters are often observed in the mass spectra [25].
Vapor deposition of gold, commonly used for dispos-
able sample tips for nanoESI, has demonstrated poor
adhesion of the gold layer being highly susceptible to
deterioration by physical handling and/or electrical
discharges. In our hands, the average lifetime of such
tips was less than 1 h of continued use. Partial losses of
the coating requires frequent adjustment of the ESI
voltages and tip position during use, but particularly
between runs following switching off and on the ESI
voltage. Silanization of the glass surface is known to
improve the adhesion of metals to various surfaces
including glass [26]. Wasserman et al. [27] used mono-
layers of 11-trichlorosilylundecyl thioacetate and Kriger
et al [28] and Goss et al [29] reported improvement of
durability of gold coatings on fused silica pretreated
with 3-mercaptopropyl trimethoxysilane (MPS). Emit-
ters prepared by this procedure were found more
rugged to physical handling, but remained susceptible
to damage even by minor electrical discharges, which
are almost unavoidable when switching on the ESI
voltage at the start of the run.
Significantly better results were obtained using emit-
ters prepared according to Kelly et al. [30]. The sharply
tapered, gold metalized tips were rugged both to phys-
ical handling and electrical discharges and produced
stable, durable ESI sprays at moderate voltage of typi-
cally 1.4–2.2 kV. Contrary to previous reports, we
observed that butt-connected (disposable) emitters
caused slight tailing on all peaks. Careful straight
cutting of both the CZE capillary terminus and the rear
of the emitter and tight sticking them in a Teflon sleeve
did not solve these problems adequately. In addition, it
was observed that the connection caused severe forma-
tion of bubbles. Symmetrical peaks and suppression of
bubble formation were obtained when the connection
between emitter and column was omitted, i.e., when the
emitter was constructed directly onto the CZE column
terminus. This observation demonstrates that peak de-
terioration was not caused by the emitter but rather by
the connection with the CZE column.
The size of the emitter orifice (range: 5–30 mm) was
studied in terms of the operating EOF, the quality and
stability of the spray, the sensitivity, and the ease of
manufacturing and use. The EOF is determined by the
capillary diameter, the CZE field strength (V/m), and
the buffer pH and composition. The 5 mm orifice
produced a good quality spray at relatively low ESI
voltage (typically 700–1100 V) but could handle only
small EOFs of typically ,50 nL/min. If higher EOFs
were used, the excess flow caused a droplet at the
emitter which increased with time until it discharged
off. In addition, blocking may readily occur, particu-
larly when analyzing unfiltered real life samples. The
high range orifice diameter (30 mm) required a larger
flow than is normally produced by 50 mm capillaries
operated at 30 kV/m and a buffer pH of 2.9. As
reported by others [18], unstable, alternating sprays
were obtained with 30 mm tips for EOFs between 100
and 200 nL/min. Optimal results were obtained for the
midrange emitters measuring around 15 mm i.d. orifice,
which produced stable and low background electro-
sprays for common EOFs (100–200 nL/min) at moder-
ate ESI potentials (1.4–2.2 kV). The critical balance
between emitter orifice size and EOF requires us to
maintain between-run variations in the EOF within
relatively small ranges. Variation of the EOF may occur
with use due to adsorption of analytes to the capillary
inner surface, reducing the density of the free silanol
groups with time. Frequent, e.g., daily, reconditioning
by flushing the capillary with NaOH is recommended,
rather than applying pressure at the column head, in
cases the EOF has been diminished below a minimum
level required for a steady ESI cone (e.g., 150 nL/min).
Pressure driven flow has a parabolic flow profile which
causes severe peak zone broadening resulting in dete-
rioration of the electrophoretic performance.
The sensitivity of the system was determined from
the analysis of 1 fmol each of two standard peptides
(Figure 5). Both peptides were detected at a signal-to-
noise ratio of $100:1.
Application to Real Samples
The PC-CZE system has been applied to the analysis of
tryptic peptides and MHC class I bound peptides. 5 mL
or 500 fmol tryptic bovine serum albumin (BSA) digest
were analyzed (Figure 6). The total ion electrophero-
gram (Figure 6A) shows ;40 resolved peaks above a
threshold level of 0.5% relative abundance. Closer ex-
amination of the eight most abundant peaks revealed
co-eluting with several minor triptic peptides. For ex-
ample, the tryptic peptide at m/z 1305.7 ([M 1 H]1, BSA
402–412) overlapped with m/z 1247 ([M 1 2H]21, BSA
469–489), m/z 1568.7 ([M 1 H]1, BSA 347–359), m/z 642
([M 1 2H]21, BSA 361–371), and some other unidenti-
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fied peptides. The sensitivity of the sequence analysis of
individual tryptic peptides is demonstrated in Figure
6C. The CAD MS/MS spectrum was obtained from a
minor doubly charged tryptic peptide at m/z 572 (Figure
6B, retention time 17.88 min) with a relative abundance
of ;6% in the mixture. The corresponding product ion
spectrum contained prominent fragment ions corre-
sponding with the sequence [K/Q][K/Q]TA[I/L]VE[I/
L][I/L]K.
A second example of the application of the PC-CZE/
ESI/MS system to the analysis of biologically relevant
peptides is shown in Figure 7. MHC molecules are
known to bind an extremely large array of self and
foreign (antigenic) peptides resulting in extremely com-
plex elution mixtures containing more than 5000 con-
stituents [31]. Currently, microscale LC coupled to mass
spectrometry is considered as the method of choice for
analysis of antigenic peptides [32, 33]. Additional, or-
thogonal separation efficiency would be very useful in
those analyses, particularly in cases where peptides of
interest, i.e., epitopes, co-elute with several other pep-
tides in the mixture [34]. The present application rep-
resents the analysis of a measles virus-specific antigen,
RRYPDAVYL, associated with HLA-B*2705 (human
lymphocyte antigen type B2705) molecules. From prior
LC/MS analysis, it was found that at least three other
peptides were present in the mixture with the same
molecular weight (MW 5 1152), eluting in two peaks
from the mLC column. Consequently, product ion spec-
tra contained significant interferences. With CZE, these
four peptides were baseline separated (Figure 7C) and
the CAD MS/MS spectrum of the last eluting MW 5
1152 peptide compared well with that of the standard
peptide (Figure 7D). The sensitivity in this analysis was
derived from the estimated complex number of 2425
per individual cell. The peptide amount consumed in
the analysis in Figure 7C, D is estimated on 0.6 fmol
(156 3 103 3 2425 5 0.6 3 10215 mol).
Figure 5. Reconstructed ion (m/z 466.5 6 0.5 1 1029.5 6 0.5)
electropherogram from the analysis of angiotensin III and oxyto-
cin using the PC system. Shown are the selected ion traces for the
[M 1 2H]21 ion of angiotensin at m/z 466.4 and the [M 1 Na]1 ion
of oxytocin at m/z 1029.4, respectively. The signal-to-noise ratio for
the most abundant ion for oxytosin and angiotensin III ranged
between 50:1 and 100:1, respectively. Conditions: 1 mL injection of
a solution of 1 fmol/mL each (1 fmol consumed); washing of PC
with running buffer at flow rate of 1 mL/min for 6 min; elution of
peptides by 20 nL acetonitrile/water 50/50, v/v; CZE column, 85
cm 3 50 mm i.d., CZE potential 130 kV; orifice ESI emitter, 15 mm
i.d.; ESI voltage, 1.6 kV; detection, full scan ESI/MS, mass range
m/z 400–1200.
Figure 6. PC-CZE analysis of bovine serum albumin (BSA)
tryptic peptides. (A) Plot of the intensity of the base peak in
individual scans obtained from the analysis of 5 mL digestion
sample of 0.1 pmol BSA/mL (0.5 pmol consumed). BSA trypsin
cleavage products are denoted at the peaks. (B) Extracted ion
profile for the doubly charged ion at m/z 572 6 0.5 (MW 5
1141.5), representing a minor tryptic peptide with relative abun-
dance in the mixture of 6%. (C) Product ion spectrum of the [M 1
2H]21 ion at m/z 572. Observed b- and y-type ions are indicated in
bold face above and below, respectively, the deduced sequence.
The amino acid sequence of the peptide matches the partial
sequence KQTALVELLK in BSA (548–557). Conditions: injection
volume, 5 mL; washing, 5 mL of background electrolyte (2 mM
NH4Ac/0.15 M HAc, v/v, pH 2.9); elution PC, 25 nL 80/20 (v/v)
acetonitrile/water; CZE capillary, 50 mm i.d., length, 85 cm; CZE
voltage, 30 kV. Analysis: (1) full scan mass spectrometry, mass
range m/z 300–1800; (2) mass dependent CAD MS/MS, 35% CAD
energy.
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Conclusions
Combination of newly developed technologies in an
integrated PC-CZE system has resulted in a convenient,
sensitive, and durable analytical separation and sample
introduction system for on-line coupling to ESI/MS.
The components incorporated comprise (1) a zero dead
volume preconcentration interface allowing sample
concentration by two–three orders of magnitude, with-
out compromising the CZE performance and (2) a
balanced, durable, and stable sheathless ESI emitter
manufactured at the outlet end of the CZE column. The
PC column consists of a 2 nL RP-HPLC bed packed
inside the column permitting both efficient precon-
centration and subsequent cleaning of mL-range
sample volume injections from real biological derived
samples. The gold coated ;15 mm i.d. tapered column
terminus functioned satisfactorily as ESI emitter yield-
ing stable and durable sprays for days to weeks of
continued use.
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